Distributed abnormalities of gray matter (GM) and white matter (WM) volume characterize individuals experiencing their first episode of schizophrenia. Regions of abnormality are present already, albeit less extensively, during the prodromal phase of illness. This study aimed to determine whether putatively at-risk children, aged 9-12 years, who present multiple antecedents of schizophrenia (ASz), display GM and WM volume abnormalities relative to typically developing (TD) children presenting no antecedents. Structural magnetic resonance images were acquired for 20 ASz children and 20 TD children matched on age, sex, and IQ. Whole-brain differences in GM and WM volume were determined using voxel-based morphometry. Relative to the TD group, ASz children showed significantly decreased GM volume in the right middle temporal gyrus (MTG) and increased GM volume in the left superior-middle temporal gyri (P < 0.05, cluster correction). WM volume was significantly increased in ASz children relative to TD children in a cluster encompassing the left inferior parietal lobe, occipital lobe, and superior temporal gyrus. Post-hoc analyses indicated that these abnormalities were not limited to ASz children who selfreported auditory hallucinations on questionnaire. Our findings suggest that children aged 9-12 years who present multiple ASz are characterized by abnormalities of GM and WM volume in the temporal lobes, comprising a subset of the regions affected in first-episode schizophrenia and in the prodromal phase of illness. These preliminary findings indicate that structural brain abnormalities associated with schizophrenia may be detected in putatively at-risk, preprodromal children. Prospective studies following the brain development of at-risk children are needed.
Introduction
Schizophrenia is characterized by widespread abnormalities of gray matter (GM) and white matter (WM) volume, 1 a subset of which are already present by the first episode of illness. Studies employing voxel-based morphometry (VBM), 2 a semi-automated, whole-brain approach to analyzing brain structure, indicate distributed GM volume abnormalities in first-episode patients in the frontal, temporal, cingulate, parietal, and subcortical regions and in the cerebellum. 1 These abnormalities predominately reflect GM volume decreases in patients relative to healthy individuals, although relative increases have been observed. Widespread WM reductions in the frontal, temporal, cingulate, parietal, occipital, and subcortical regions have also been reported in firstepisode patients. 3, 4 A subset of these neuroanatomical disturbances precede psychosis onset. Studies of at-risk youth with a family history of schizophrenia indicate that these individuals are characterized by progressive GM loss in the prefrontal and temporal lobes. 5 However, because two-thirds of individuals with schizophrenia have no affected relatives, 6 findings from studies examining these genetic high-risk youth may not generalize to the majority of patients with schizophrenia. Investigations of (prodromal) youth considered at ultra high risk (UHR) of psychosis due to their clinical presentation (attenuated psychotic symptoms; brief, limited intermittent psychotic symptoms; or genetic risk plus functional decline) 7 indicate relative GM reductions in the hippocampus, insula, superior temporal gyrus (STG), and prefrontal cortex, 8 and WM reductions in the superior temporal lobe 9 relative to healthy youth. Among UHR youth who transition to psychosis, progressive GM decreases occur in the frontal, temporal, parietal, and cingulate cortices and in the cerebellum, 10, 11 with progressive WM decreases apparent in the parietal and occipital lobes. 12 Recent efforts to delineate an earlier at-risk (preprodromal) phase of schizophrenia [13] [14] [15] offer an exciting prospect for preventive intervention during childhood or early adolescence that might avert the functional decline, disability, and distress that characterizes the schizophrenia prodrome and limit the progression of structural brain abnormalities. The challenge, presently, is to accurately identify these children who may subsequently develop schizophrenia. 13, 15, 16 A study that examined brain structure in 11 putatively at-risk children aged 11-13 years who presented subclinical psychotic symptoms on clinical interview showed increased GM volume in the left STG and in the left middle temporal, left angular, and right orbitofrontal gyri relative to healthy children (n = 14) and GM decreases in the left inferior temporal gyrus. 17 WM abnormalities in the parietal and temporal lobes, including the inferior longitudinal fasciculus, were detected by diffusion tensor imaging. We have employed an alternative early identification strategy that might more specifically and sensitively identify putatively atrisk children by requiring the presence of multiple antecedents of schizophrenia (ASz) rather than a single risk factor. 15 Our strategy identifies children aged 9-12 years who present a triad of replicated ASz, 16, 18 defined as (a) speech and/or motor developmental delays or abnormalities, (b) social, emotional, and/or behavioral problems, and (c) psychotic-like (or subclinical psychotic) experiences. While only longitudinal follow-up will ultimately determine the specificity and sensitivity of the triad in predicting later schizophrenia, preliminary evidence has demonstrated that ASz children present several neurobiological features that characterize adults with schizophrenia, including functional-brain abnormality following commission of behavioral errors, 19 poorer intellectual and cognitive functioning, 20 and increased involuntary dyskinetic movement abnormalities 21 relative to typically developing (TD) children. Delineating biomarkers associated with a preprodromal at-risk phase may provide a means to refine identification strategies, track changes in disease phase, and monitor the impact of early therapeutic interventions. This preliminary investigation thus aimed to identify brain-structure abnormalities present in ASz children who are putatively at-risk of developing schizophrenia. This being the first study of brain structure in ASz children, we used VBM, rather than a region-of-interest approach, to examine whole-brain differences in GM and WM volume. Based on previous VBM studies of at-risk individuals, we hypothesized that ASz children would show volume abnormalities in temporal and prefrontal regions. Given that brain structure in healthy children is associated with sex and age, 22 and also IQ, 23 the ASz and TD groups were matched on these factors.
Methods

Participants
All children, aged 9-12 years, were identified via a community-screening procedure conducted in primary schools in London, UK. 15, 16 Children completed antecedent screening questionnaires independently at school, and corresponding caregiver questionnaires were completed at home and returned via reply-paid mail. 15, 16 Questionnaires included items to assess a triad of ASz, namely (a) a caregiver-reported delay or abnormality in speech and/or motor development, assessed via quantitative and qualitative questions; (b) an "abnormal" rating (ie, top 10th percentile on UK population norms) on at least 1 of the 4 Strengths and Difficulties Questionnaire 24 psychopathology scales, including Emotional Symptoms (child reported) or Conduct Problems, HyperactivityInattention or Peer Relationship Problems (caregiver reported); and (c) a child-reported "certain experience" of at least 1 psychotic-like experience (PLE) among 9 items. 25 The PLE questionnaire included 5 items adapted from the Diagnostic Interview Schedule for Children 26 auditory hallucinations, thoughts read, ideas of reference, paranoid ideas, and ideas of somatic changes-and 4 additional items assessing visual hallucinations, passivity phenomena, telepathic experiences, and grandiosity. Two large studies, 1 examining our 9-item PLE screening questionnaire 25 and another investigating a similar 7-item PLE questionnaire, 27 indicated that the item assessing auditory hallucinations demonstrated the best psychometric properties among PLE items. This item loaded strongly on a latent psychotic-like construct 25 and had high specificity, sensitivity, and positive and negative predictive values for clinician-rated psychotic symptoms from interview. 27 Screening of more than 1500 childcaregiver dyads indicates that 23% of children present none of the antecedents, 42% present a single antecedent, 26% present 2 antecedents, while 9% present the triad of antecedents. This is consistent with the finding that, in the inner-city south-east London neighborhoods where the majority of community screening was conducted, the incidence of schizophrenia among adults is elevated. 28 
Procedure
Ethical permission for the study was granted by the Joint South London and Maudsley and the Institute of Psychiatry National Health Service Research Ethics Committee. Children meeting ASz criteria (those presenting abnormalities in all 3 antecedent domains) and those eligible for the TD group (children who presented none of the 3 antecedents) were invited to participate in research assessments at the Institute of Psychiatry. Caregivers and children provided written informed consent and assent, respectively, for participation. Children completed a large battery of assessments, including the Wechsler Abbreviated Scale of Intelligence, 29 the Pubertal Development Scale, 30 and a structural magnetic resonance imaging (MRI) scan. Children were excluded from either group if they or their primary caregiver had insufficient English language ability to complete assessments, or if they had a neurological or physical condition that affected developmental milestone attainment and/or current functioning (eg, epilepsy and cerebral palsy). Family history of psychotic and mood disorders were assessed in first-and second-degree relatives using the Family Interview for Genetic Studies. 31 Three ASz children had a second-degree relative with schizophrenia; 1 ASz and 2 TD children had a second-degree relative with bipolar disorder (without psychotic symptoms), and an additional ASz child had a first-degree relative with bipolar disorder with psychotic symptoms. Major depression was present in the relatives of 12 ASz children (8 first degree; 4 second degree) and 11 TD children (4 first degree; 7 second degree). None of the participants had ever received psychotropic medication or experienced a previous psychotic episode, as confirmed by clinical interview with a child psychiatrist or psychologist.
Structural MRI scans were obtained using a 3T GE Medical Systems MRI scanner. Due to excessive movement, images for 6 ASz children and 4 TD children were of insufficient quality to permit accurate segmentation and were thus excluded. Images from the remaining 20 ASz children were compared with those from 20 TD children who were matched to an ASz child on age (within 6 months) and IQ score (within 7 IQ points). All but 5 pairs were also matched for sex. By the time of scanning, 1 ASz child was aged 13 years, 4 months.
Imaging Parameters
Participants were scanned using a 5-min, three-dimensional Spoiled Gradient Recalled Echo sequence yielding 196 slices of 1.1 mm thickness (time-to-repetition = 6.0 ms, time-to-echo = 2.8 ms, flip angle = 20°, fieldof-view = 28 × 21 cm, acquisition matrix = 256 × 256).
Image preprocessing and statistical analyses were conducted using Statistical Parametric Mapping 5 software (SPM5, www.fil.ion.ucl.ac.uk/spm/software/spm5). SPM5 utilizes a unified segmentation approach, which integrates segmentation, spatial normalization, and bias inhomogeneity within an iterative algorithm, thus increasing segmentation accuracy. We additionally employed the VBM5 toolbox implemented within SPM5 (http://dbm. neuro.uni-jena.de/vbm/vbm5-for-spm5), which includes the option to combine unified segmentation with a Hidden Markov Random Field (HMRF). By using information from neighboring voxels, which are likely to be of the same tissue class, the HMRF improves the signal-to-noise ratio and enables cluster-based statistical inference (http:// dbm.neuro.uni-jena.de/vbm/vbm5-for-spm5). The VBM5 toolbox retains the option to use customized templates for segmentation. We used the matched pairs approach within the Template-O-Matic toolbox (https://irc.cchmc. org/software/tom.php) to create a study-specific paediatric template, derived from reference data obtained from 404 healthy children, selected according to the age and sex characteristics of the total sample (n = 40). 32 Within SPM5, GM and WM images can be modulated with the Jacobian determinants of the deformation parameters to retain the original tissue volumes. We performed modulation by nonlinear effects only, which negates the need to correct for differences in brain size. Finally, modulated images were smoothed using a 4-mm full width at halfmaximum (FWHM) filter. Smoothing kernels of 4-8 mm are sensitive to structural brain abnormalities in schizophrenia populations, particularly in smaller regions. 33 As modulation introduces additional smoothing of the brain images, a low FWHM is needed (http://dbm.neuro.unijena.de/vbm/vbm5-for-spm5).
Statistical Analyses
Group differences in demographic variables were examined using the Statistical Package for the Social Sciences (SPSS) version 15. Independent samples t-tests were used to compare continuous variables (age, IQ, Pubertal Development Scale score, and time lapsing between antecedent screening and MRI scan), and chi-square or Fisher's Exact tests were used to compare categorical variables (sex, handedness, and ethnicity).
Two-sample t-tests were conducted within SPM5 to examine group differences (ASz vs TD) in GM and WM modulated images. An advantage of the VBM5 toolbox is the nonstationary isotropic correction that can be applied to account for the nonuniform smoothness of structural MRI data (http://dbm.neuro.uni-jena.de/vbm/ vbm5-for-spm5). This allows cluster-level statistics to be conducted, which are more sensitive to the spatially extended signals than voxel-level statistics and address the mass-univariate, multiple comparison problem. 34 An initial statistical threshold of P < .01 uncorrected was implemented at the voxel level, with a corrected familywise error (FWE; P < .05) subsequently applied to identify significant clusters. 34 Cohen's D effect sizes were used to determine the magnitude of differences in these regions ((2 × T)/√df). We followed a similar procedure to that used by Meisenzahl and colleagues; 34, 35 effect sizes were computed from the maximum T statistic obtained for any voxel within the significant cluster and from the mean T statistic obtained across all voxels within the significant cluster.
Although ASz and TD children were matched on age, sex, and IQ, we conducted further analyses to account for variability in these factors within the entire sample. Mean GM and WM volumes for each participant were extracted from the clusters that distinguished the ASz and TD groups using the MarsBaR Statistical Parametric Mapping (SPM) toolbox (http://marsbar.sourceforge. net). Linear regression analyses were performed on these mean volumes in SPSS to determine whether group status predicted cluster volumes after accounting for any variance in brain volumes that was related to age, sex, and/or IQ (all variables entered simultaneously).
To localize clusters of significant volume differences between groups, the SPM (ie, Montreal Neurological Institute [MNI]) coordinates were translated into standard Talairach coordinates (http://imaging.mrc-cbu.cam. ac.uk/imaging/MniTalairach) and localized according to the Talairach and Tournoux atlas. 36 All spatial coordinates are reported in the original SPM (MNI) space.
Results
Sample Demographics
The ASz and TD groups did not differ with respect to age, sex, IQ, pubertal status, ethnicity, or time lapsing between completion of antecedent screening questionnaires and MRI scanning (table 1). The prevalences of specific components within the antecedent triad among 20 ASz children were speech (n = 16) and motor (n = 7) delays/abnormalities; emotional symptoms (n = 5), peer relationship problems (n = 12), conduct problems (n = 10), and hyperactivity inattention (n = 8); and multiple (>1) "certainly true" PLEs (n = 14).
GM Volume
The ASz children were characterized by reduced GM volume relative to the TD group in a single, small cluster located in the right MTG, corresponding to Brodmann Area (BA) 21 (table 2). The effect size for this cluster was large (maximum = 1.8; mean = 1.4). In the left temporal lobe, a single, larger cluster of increased GM volume was observed in the ASz group relative to the TD group, which encompassed the left STG (BA 22) and extended into the MTG (BA 21) (table 2) . A large effect size was also observed for this cluster (maximum = 1.4; mean = 1.2). Figure 1 illustrates the regions of increased (red) and decreased (yellow) GM volume in the ASz group relative to TD group (P < .05 corrected). Significant group differences in GM volume in the right MTG cluster (P < .001) and left STG-MTG cluster (P < .001) remained after adjustment for age, sex, and IQ.
WM Volume
No areas of significantly decreased WM volume in the ASz group relative to the TD group were detected (table 2). A single cluster of increased WM volume in the ASz group relative to the TD group was identified, encompassing voxels in the left inferior parietal lobe, occipital lobe, and STG/MTG. Coordinates within this cluster corresponded to the superior longitudinal fasciculus, optic radiation, and inferior longitudinal fasciculus. As indicated in table 2, the effect size for this cluster was large (maximum = 1.2; mean = 1.0). Figure 1 illustrates the areas of increased WM volume (green) in the ASz group relative to the TD group (P < .05 corrected). After controlling for age, sex, and IQ, significant group differences in WM volume in this cluster remained (P = .001).
Post-hoc Examination of Associations With Auditory Hallucinations
The STG and MTG have been associated with auditory hallucinations in both structural, 37 and functional 38 MRI studies of patients with schizophrenia. Thus, posthoc analyses were conducted to determine whether the structural brain abnormalities observed in ASz children characterized only those children who self-reported auditory hallucinations on the screening questionnaire (answered "certainly true" to the item "Have you ever heard voices that other people can't hear?"). Using the mean GM and WM values extracted from the significant clusters for each child, an ANOVA was used to investigate differences between the 20 TD children, the 7 ASz children who reported auditory hallucinations at screening, and the 13 ASz children who did not (figure 2). A significant main effect of group was observed within the right MTG GM cluster (F 2, 37 = 16.9; P < .01), in the left STG/MTG GM cluster (F 2, 37 = 16.8; P < .01) and in the left parietal, temporal, and occipital lobes WM cluster (F 2, 37 = 10.9; P < .01). Post-hoc pairwise comparisons (Bonferroni-corrected) indicated that the TD group mean in each cluster differed significantly from the group means of both ASz children who reported auditory hallucinations (P < .001) and the ASz children who did not (P < .05). No GM or WM volume differences were observed between the 2 ASz subgroups (P > .05). Due to the small subgroup sizes, these analyses were repeated using nonparametric tests (Mann-Whitney U), and the results were similar (for all 3 clusters: TD vs ASz without auditory hallucinations, P < .01; TD vs ASz with auditory hallucinations, P < .001; ASz without auditory hallucinations vs ASz with auditory hallucinations, P > .05).
Discussion
We examined whole-brain differences in GM and WM volume in children presenting ASz and TD children matched on age, sex, and IQ, none of whom had ever received psychotropic medication or experienced a psychotic episode.
As hypothesized, GM abnormalities were observed in the temporal regions, with ASz children showing relative GM decreases in the right MTG and relative GM increases in the left STG-MTG. ASz children also showed increased WM volume in a large cluster spanning the left parietal, temporal, and occipital lobes. Large effect sizes were observed for all 3 regions. Contrary to hypotheses, we did not observe abnormalities within the prefrontal cortex.
Relative to the TD group, ASz children showed increased GM in the left STG, extending into the MTG. Left STG volume reduction is one of the most consistently reported neuroanatomical findings among adults with schizophrenia. 33 STG volume abnormalities may relate to illness stage, with a recent meta-analysis indicating GM volume reductions in the right STG of patients with chronic schizophrenia but GM volume increases in the left STG of first-episode patients. 39 Longitudinal studies also indicate progressive decreases in STG volume after the first psychotic episode. 40 Among UHR youth, compared with healthy youth, reduced GM in both the left and right STG has been observed, 41 with progressive bilateral reductions among those who transition to psychosis. 42 Our findings are consistent with those from a cross-sectional study of UHR youth who later transitioned to psychosis that reported reduced GM volume in the right STG relative to healthy controls but increased GM volume in the posterior portions of the left STG and MTG. 43 GM volume increases were also reported in the left STG and MTG in children aged 11-13 years presenting subclinical psychotic symptoms, 17 the only previous VBM study of children in a putative early at-risk phase.
We also observed reduced GM volume in the right MTG in ASz children relative to TD children. GM volume reductions in the right MTG have been observed Cohen's D effect size computed from the maximal and mean T statistic obtained within each cluster.
in individuals with first-episode schizophrenia 44 and UHR youth who later developed psychosis. 43 In contrast, volume abnormalities in the right MTG were not observed in the study of children presenting subclinical psychotic symptoms. 17 ASz children were additionally characterized by increased WM volume in a cluster encompassing the left parietal, temporal, and occipital lobes, corresponding to parts of the superior longitudinal fasciculus, inferior longitudinal fasciculus, and optic radiation. Reduced WM volume in the inferior longitudinal fasciculus has been reported in first-episode patients, 4 while increased WM within this tract was observed in a study of patients with chronic schizophrenia. 45 Furthermore, decreased volume in the left optic radiation was found to characterize UHR individuals who developed psychosis relative to those who did not. 12 Diffusion tensor imaging studies have also detected abnormalities of WM integrity in the superior and inferior longitudinal fasciculus and optic radiation in adults with schizophrenia, 46 and in the inferior longitudinal fasciculus in children presenting subclinical psychotic symptoms. 17 Thus, while the superior and inferior longitudinal fasciculi are characterized by abnormality across illness phases, further investigation is needed to resolve inconsistencies in the direction of abnormality (relative decreases or increases) that may change with developmental stage and/or stage of illness.
The STG and MTG support auditory processing and both functional 38 and structural 37 MRI studies of schizophrenia patients indicate that these structures are involved in the production of auditory hallucinations. In this study, the GM and WM abnormalities we observed, which encompassed these regions, were not limited to the subgroup of ASz children who reported auditory hallucinations at screening. Rather, these abnormalities characterized both subgroups relative to TD children. No significant differences in GM or WM volume were detected between ASz children with and without auditory hallucinations. These post-hoc analyses imply that the GM and WM abnormalities indentified in ASz children do not merely index the presence of auditory hallucinations though investigations in larger samples are needed.
The left and right hemispheres in ASz children were characterized by contrasting patterns of relatively increased and decreased GM and WM volume abnormalities, which mimic the pattern observed in a study of UHR youth who later transitioned to psychosis. 43 The reduced asymmetry hypothesis of schizophrenia, 47 which proposes that the typical pattern of asymmetry across the left and right hemispheres is attenuated or reversed in individuals with schizophrenia, particularly in the auditory processing regions, may be relevant. In healthy adults, the volume and area of the temporal lobe structures show a left-dominant pattern, while individuals with schizophrenia show reduced asymmetry of these structures. 47 Among healthy children, the right temporal lobe is larger than the left. 48 The pattern of abnormality among ASz children in this study may imply an attenuation of the typical right-dominant pattern of childhood asymmetry in this region; investigations using region-ofinterest approaches are needed to test this hypothesis.
Schizophrenia is thought to result from abnormal neural development, which may commence as early as conception. 49, 50 Despite being equivalent in age and pubertal stage to the TD group, the ASz children showed differences in brain structure, predominately in the temporal regions. GM volume development follows a regionally specific pattern. Total volume peaks in late childhood/early adolescence, with the temporal lobe, particularly the STG, being one of the last regions to achieve adult status. 51 In contrast, WM volume increases linearly across the brain into adulthood. 51 Thus, the abnormalities observed among the ASz children do not appear to reflect a pattern of delayed maturation.
UHR youth are characterized by reduced GM in the left hippocampus and insula and in the right STG and prefrontal cortex; 8 however, abnormalities in these regions were not observed in ASz children. The absence of hippocampal volume reduction is particularly notable given the consistency of this finding in individuals with schizophrenia. 52 It may be that hippocampal volume reductions associated with specific psychiatric disorders and psychopathological states do not emerge until later in development. For example, several studies of children who developed posttraumatic stress disorder after experiencing maltreatment indicate a lack of hippocampal volume reductions among these children, whereas studies of adults who were maltreated as children consistently report hippocampal volume reductions. 53 Thus, while schizophrenia has been robustly associated with reduced hippocampal volume in adult populations, this feature may not yet be present in children who are at risk for the disorder. Our failure to identify GM volume differences in other regions that have been shown to be abnormal in individuals at UHR may also reflect illness stage and participant age. Based on early neurodevelopmental theories of schizophrenia, 54, 55 and updated theories that draw evidence from studies of childhood-onset schizophrenia, 50, 56 we anticipate that, as ASz children enter adolescence, neuroanatomical abnormalities may become more pronounced and extend into the prefrontal cortex. Indeed, more widespread GM abnormalities have Fig. 2 . Gray matter and white matter volumes (group median indicated by line) in TD children, children presenting antecedents of schizophrenia who additionally reported auditory hallucinations, and children presenting antecedents who did not report auditory hallucinations. TD, typically developing; ASz-AHs, antecedents of schizophrenia without auditory hallucinations; ASz + AHs, antecedents of schizophrenia with auditory hallucinations; GMV, gray matter volume; WMV, white matter volume; MTG, middle temporal gyrus; STG, superior temporal gyrus; P-T-O lobe, parietal, temporal, occipital lobe.
been observed in an older sample of children presenting subclinical psychotic symptoms 17 although this difference in findings might also reflect the alternative strategies used to define putatively at-risk children.
The differences in GM and WM volume that characterized ASz children were localized, but large in magnitude (mean effect size range: 1.0-1.4). Potentially, variability among ASz children in GM and/or WM volume may have precluded the detection of more subtle volume differences in other brain regions. The few previous VBM studies to report effect sizes, conducted with UHR youth who, by definition, are more proximal to illness onset than ASz children, indicate more distributed volume abnormalities, of medium-to-large magnitude. 34, 35 Prospective longitudinal studies are needed to determine the course of brain development in ASz children.
The high prevalence of PLEs in the general population 57 suggests that not all individuals who are vulnerable for schizophrenia will develop illness. Markers of vulnerability may differ from markers of incipient illness. For example, cross-sectional analyses identified smaller hippocampal volumes among UHR youth relative to healthy youth, but relatively increased hippocampal volume was observed subsequently in those who developed psychosis. 58 Until ASz children pass through the age of risk for schizophrenia, nothing is known about the proportion that will develop illness. Thus, only follow-up of the ASz children can distinguish between GM and WM abnormalities that represent biomarkers of oncoming illness and those that represent disease vulnerability.
There are several limitations to this study that should be addressed in future research. First, this study is limited by the relatively small sample, particularly with respect to the post-hoc comparison of ASz children with and without auditory hallucinations. Nevertheless, this constitutes the largest VBM study of putatively at-risk, never-medicated children. Further, future research might utilize alternative neuroimaging techniques to examine other features of brain structure in at-risk children, such as those measuring cortical thickness or complete diffusion tensor imaging to more accurately examine WM abnormalities. Second, the extent and/or magnitude of brain volume differences between ASz and TD children may have been underestimated by matching on, and adjusting for, IQ. This strategy was employed given the known association between IQ and brain structure, 23 despite evidence that ASz children are characterized by significantly lower IQ scores than their TD peers, 20 as are children who later develop schizophrenia. 59 A third limitation, not unique to this study, concerns potentially inaccurate localization of SPM spatial coordinates. Due to differences in brain structure between adults and children, standard neuroimaging analysis techniques may be less appropriate for paediatric samples. At the preprocessing stage, a studyspecific paediatric template was created for segmentation; however, the lack of standardized child atlases to localize SPM spatial coordinates necessitated the use of the international standard Talairach and Tournoux (1998) atlas derived from an adult brain.
We detected relatively localized structural brain abnormalities associated with schizophrenia vulnerability in putatively at-risk children aged 9-12 years. These findings are preliminary and require independent replication, as well as longitudinal follow-up, to determine the extent to which the ASz criteria afford a specific and sensitive prediction of later schizophrenia. Extending the ASz criteria to include the temporal lobe abnormalities identified here may provide a useful marker to track the effectiveness of early intervention to reduce schizophrenia risk and the associated neuroanatomical abnormalities. 
